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(57) Abstract: A process for producing high-purity crystals which comprises using a polar solvent as a good solvent (e.g., an alcohol 

O or an alcohol/water mixed solvent) and water as a poor solvent to crystallize the benzenesulfonamide derivative represented by the 

^ following formula (1): novel crystals of the nitrobenzenesulfonamide derivative represented by the following formula (2), which is 

O an intermediate for the derivative (1); and a process for producing the novel crystals. 
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25 ^>«>^V»>y s Kiianfc ( i r 

*KRffcfr-5c:fct:«J:D»ji-r5 3i:3&$tf§S (aiMIPiWO 9 6/2 
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8 4 18 (*SttflF6 , 1 4 0, 5 0 5^) ©0J2 
5 m{&$lzi±. *-$\ - h D^>-fe*>;*;i/*>7^ K»4»(* ( 2) *u 

1 - 7o;V-;k 2 - 7d/V -^otj^- frJ&TFZfoibfe 
^t6HT±I3©#«*&*fczk##:Sb"t^Tfc J: <, TK^OS'&Attt 

uttis&i: tTii/^y 

15 b <, ttfc* * y-;i/#if?£ bn. fiS'£tS&© 

(2)1 gtcttbT, il?t3~5 0 ml, *? $ b < tt 5 ~ 1 5 m 1 ©S 

^£E(±s H/i&* s R^&icii^fbf§ftSST*^^^^Nf{c|Ig^$^^^cv^^, # 
g=b<&l~3 <fc p#g- b<& 1~ 1 O^ET'^So fiffiilft 

&t>#, 3®^O a C-8 0°C\ $?£b<(±2 0°C~6 0°CT-feSa S/f&^f 

25 mit, mn 2-4 8mm, »iL<i±3~2 4W"ca&5. 

^ 5 -s; ij AjUjjE bT «, b < Hrjft*fif*>i 7 V 2*£ «fc t5Jft* 
p^>-tf >*;w*>:p* h'^ai^ (2) lOO^E^ic^bTx MlfO. 
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6»*fctti&Kfe^#/*illASm*feV>»S («I*K, fb£-» (3) 

=. ho^>^>^;i/*>7$ (2) tJtLtx iimi- 

i*lg*tt (i) tt*£b--c#4b"ta»K ^>4?>x;i/*>7^ pgg« 

'J ^.A^EflDMMI.JfiaS^ajfetf 6iis^«?k:zk»<b^ h'J^A^S bv„ 
Sfc, - h n^o* Fg§z!S# (2) Oil5cB#t37jc£8& 

^>-t?>*;i/*>7S h'f§i£# (2) jPWiHb&^J: 5fcMTfctU£# 
tcpg£&&<, hD-<>-lf>X;i/^>7^ h'ffzgfr (2 ) 1 gfcftb 
il^O. l-5mh Sfr.l/<{±0. l~3ml©7jc*^3!]DT5C 

25 il^fclTgL 5 ^>€>^;^>^ ^ b*g§##: ( 1 ) -ft** 

*38till©TlBS*™i-ctiU bTffiteSflE&tefli-rsfctfK 
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«fc >)«l*«fc:^>-K>^;W*>7$ KS§a$f* ( 1) fcfcSHil 

15 >7S K»## (1) ®a«r^«siitTtt, 

(1) ^ 7^ KSNM* (1) tfttjBL&ffittft&Otttt 

+fc**»ajr*^ **pa*f* amsaw* 

( 2 ) ^>#>*;i/*>7S Ymmfo ( 1 ) WLf;> 7jCtHffi« 

ft«f.*:Jl : vv««tt*«t©®5»*:«!l 4: btli^ * ^ -;i>, ; 

25 ;i/*'>>^ ( 1) 1 g(c3tl/T> ii^3~2 0ml, ft& u< 

i± 3. ~ 15 ml ©lOil^p t 4 3. t # t? § 5 o 
J5& (1) t±,~ JMtfWfctt* : .@"tt«**tt*«fc*»fk 3©»*4» 
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■is* (i) c'snt, a«f; *©^spii; $fSL<ii- i o'c 

5 ft>e>8 0°C, b < {±0°Cfr£ 7 0-C-efT-5©a s £V^ ^JPTS 

^3B*»»ti»B'T*llD , rnttJ:<, »*3 0#frf> 6BSiafc:*>fcoT 
^tin**©^!; bv^o 
io ( i ) tcfc^-c. akoaHmfttsafc/ra*.*;: £^> l - 

i*u±£.-fr 5 Z t # T? t S o 

15 i^StCit), £ III LT%±^o 

tiiivT(±s mm- l.o-ioou »*v< tt0 ~ 8 o"^*^" 

#iT(2) fc£tt3«»»*ft±tf*;fc«K »«*S0S (3 0°C~8 
0°CfI&> b <8ffite*«Stt+fclBa##&bT^S*£tt»*§a* 
^££|gg? 2 -££©#$?£ bV), «k bjfciilBSnLfc&fc: (£©a 
25 £\. 88 AMff ffi L fc V> eta £ if 5 © £ b l> ) , J* SI (-10°C~2 
5°C) bT8#r (»ffl'a«f) ; *^5©W#*L^. 

ct^ 7K©»tt»%b<i±»^.t3a^a©^a4fra-i:^cti3x e 
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( 1) *5<ktf (2) fc«fc«S«fft, mt>titcffi&*ti&MtZZt 
attest J: 0, ■**»r;u=j-.n< 

HuiB^is (2) iztmbiz&$ frkm&mmtaM&mm (ms.it, . 

* : Sttftftft tt* »* L < tt 5 : 1 ~ 1 : 3 ) 6 l«f * 

^>#>*;i/*>7»$ KIHMt (1) Its 2 r> 

h* ^7-;i/ ^r^MJ — b^—X(Bioorganic & Medicinal 

Chemistry Letters), 1998, .8, p. 687-689 f|Sfc:g3»©;fr 

<##0J i > 

( 2 R , 3 S.) -N- (3 -^>V)k***/j3)l#=.)l7 I J - 2 -t 
>x;i/*>7^ H h p-o-e>x;i/^>7^ h'a&tt (2)) ©Mit 
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(2R, 3S) - Z-«-sV))/*-*i'i}1\>-&=-)\'7$.J - 2-fc h* D * 
S> - 1 - ( N - vJ=f-)V7 ?;)-4 - 7 x-;i/^^ > (30. Og) 
;i/ (150ml) ft in*., 40°ClC#Stfco h'Jx^Jl/? 
* > (13. 5ml) £v--Y D^>^>^JI/*-;i/^07^f K ( 1 
5 9 . 7 4 g) 3MiJ?U;^ * ( 1 5 0ml) 4ftlt, 

ibfe„ *r*IJl£7K (15 0ml) -C8fc#Ufc&> liUfc. ^^>nfc 
H#*»ET-Ctt«ts (2.R..3 S) -N- ( 3 y*****;!/ 

t;-;i/7 u - 2 - 1 F d ^r«> - 4 - 7 -N-'fv^f 

;p-4-- hn^>-fe*>*;i/*>:/^ KS**tfi*&fifc 4 2. 6 5 
10 gfctifc (W9 4. 8%) 0 HPLC Kt^tfUfctu*, HPLC #6j£l± 9 
0 .. 3 % (HPLCMJt) "C^pfco 

l H-NMB(rCDCl 3 )dppiD : 0.84 (d,^=6.1Hz,3H) , 0.86(d, JE=6.3Hz,3H), 1.7 
5-1.95<m,lH), 2.88(dd s ^=7.5,14.1Hz,2H), 2.96(d,^6.8Hz,2H), 3.00 
(dd,«J=4. 7,14.1Hz, 1H), 2.90(bs,lH), 3.12-3.26(m,2H), 3.80-3.91(m, 
15 2H), 4 ; 99(bd,^8.7Hz,lH), 5.01(s,2H), 7.21-7. 32(m, 10H), 7.92(d,J 
=8.7Hz,2H), 8.29(d, J=8.7Hz,2H) ; 

l3 C-NMR(Ca.Cl 3 )(yppni:20.2, 20.4, 27.4, 35.9, 53.2, .55.9, 58.2, 67. 
4 3 72.6, 124.8, 127.2, 128.3, 128.7, 128.9, 129.0, 129.1, 129.8, 
136.6, 137.6, 145.0, 150.4, 157.0. 

20 <mnm i > 

(2.R, 3S) - N - (3-T^y-2-h x"j^ 

>*;1>*>T^ PR*** ( 1)) ©£¥3i 
##« 1 fcritta L-fc ■ ( 2 R , 3S) -N- ( 3 -"O^**^* 
25 )1-X->17 5. J ~2-K FD^-4-7ir;V7"f;i/) -N-^f V7" 
4 ^— h D^>^VX;v^>7^ K (14. 2 g) fc^t * y 
(1.4 2ml) *MjLT®m£&tzo mUWt ( 6 . 8 ml) fcin*., 7 
^>*HStTCU -2-0%Jft*fif$*«fl5^5S;$A (9 1 8mg) 

M;U **£H*IT lftJE) 4 0°C-£ 2 lBtfg 
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m&itzo mm*mMLtc'&. (2 8 mi) zm^xmmz 

m&utzo Eifom&MfcGMfe&wifcj-bvtkimm (i imi) & 

mi. 4°CX*7k ( 1 1 4 ml) £ 5 . 7 mffiX-mZtzo *SH£«lLfc 

a. ^n^n^?'* > (7 imi) x~&c&Ltzo zbizifem** 

5 (7 lmDT'-TOlfcoiEK'SIU (2R,3S)-N-(3 
-7K J ~ 2 - t Yn*ri/- 4-7 * — — N - -Y V 7~^)\/-. 

4-7^M^>^;^>7; t*£7 . 1 glifc (Jfc*7 1 %)b HPL 
C C-T»«f tf;JlC5 HPLC 9 8 . 7% (HPLCS^it) T-feofc 0 

l H-NMR(CDCl 3 )(5ppm : 0.88 (d, ^=6.6Hz,3H) , 0.93(d,^6.6Hz,3H), 1.0 

10 6(bs,2H), 1.87(m,lH), 2. 48(dd, J=13.4, 9. 9Hz, 1H) , 2.82(dd, «M3.4,6. 
7Hz,lH), .2.96^,^13.4,3.8^,111), 3 . 01 (dd, ^=13. 4, 8. 3Hz, 1H), 3.1 
Km.lH), 3.16(dd, J=15. 1,2.5Hz, 1H), 3. 28(dd,£=15. 1,9.1Hz, 1H), 3.5 
6(bs,lH), 3.74(bs,lH), 4.17(bs,2H), 6.68(d,^8.8Hz,2H), 7.20-7.2 
4(a,3H), 7.29-7. 33(i, 2H), 7.58(d,^=8.8Hz,2H); 

15 m/e ; 392.21(MH + ) 

<mmm2 > 

(2R, 3S) — N - (3-7U-2-th'0^r>>-4-7i-)l'7 

- N - v 4 - 7 ^> f >^ > 7 U' (^>-t? 

>*;i/*>:7*3. b*f£#te ( l)) omm 

20 £1M lfcT^5tbfe(2R a 3 S ) - N - ( 3 - 7 X J - 2 - b Y 
4 -7 ±-)V7*3-)),) -7 X J 

7,fr*y7\ Y (1. 9 2g) £2-7D/V-;K13. 5ml), 7k 
(1 5 ; iml) £An;U 5 0 'CT^;* fc 0 3^f^^(tT 1 0°C«£q 

25 l*ri6D*g£rM£ (8 ml ) X&&Ltz'&, MffiTT-^t> (2R, 3 
S) - N -r (3-7(;-2-th'D#>>-4-7i^;i/^;i/) — N 
->f VZr=f)V- 4-7XS s<>-V>Z)l*>7X K* l . 5 8 gf#fc(!K 
*8 2%)o HPLC HPLC fr&Eti 9 9 . 9 % (HPLC "g 
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(2R, 3S) — N - ( 3 -s<>i?;i**>s*>)\/#=.)l7^ J - 2 - t 

h* ha^>-t?>^;u^>7'^ Kf§3£# (2)) <z>gstjgt 
5 (2R, 3 s) -3-^>y;i/^i-#f>'*;i/^-;i'T^y-2-t h*D 

(N->fV7f;i/7U) -4-7x-;^^> (30. o 
g) Cft8if ;i/ ( l 5 0ml) £ h 'Ixf;v7^> ( 1 3. 5ml) 
$SDx.\ 4 0°CK:#iaufco p-rhD^H>^;i/$-Ai'D7'f F 
( 1 9 . 7 4 g) ft HP itv 1 • 5l$ffl«#LfcSL 7jc ( 1 5 0 ml ) ft 
10 2ra^. > ftm\stzo frttJIft* ( 1 5 0ml) £tffiS*QlB&7kiit± h .'J 
(15 0ml) T-ft&bfc^ »li^.(30ml) ftttl 
TLX 6 O-CfcHuIlfc. £©tm^5 L ;i/&&£^:7'* > (15 0ml) 
4»'*t:liPitte^-*HWb^*©|gfiift»8L; 6 0 "Cfr*, 6 ftlSfrtt 
TO-C^T^ffl-bfc. i^HftiilfcLfco 196*1 

15 . >i:iixf ;kd 3.M 1 ©I^i (9 0ml) 

tfc^ #ETT?I£**U (2R, 3S) — N - ( 3 
jitf-jiT 3; y - 2 - t K d*S/- 4 -7 x -;i/7 r ^;i') -N ->f v 7" 
4 h n*i>-tf >*;u*>r 5 Kft & &^H2: IT3 5. 2 g 
life (4X^7 8 %) 0 HPLC iZTtfftf HPLC iSsfilStt 9 9 . 4% 

20 (HPLC IB Slit) XHb^tzo 
<H«6«»J3> 

(2R, 3S) — N — (3 -T^y-2-t h*D*$/- 4 -7 ±-;l/7 
^;U) T/N-'-f VW- 4 i-r S 7^>-tf >X)\s*>7K h* ('SV-tf 

>V*> 7.5 V l ) ): 

25 #*«2fcxite*U *:'.'( 2 R,,3 S) -N- ( 3 

)],# )\t - 2 - b Y o - 4 - 7 at 7^;l/) -N-fV7* 
^;i/--4 — - h O'O-t? >7;!/*>t> K (15. 0 g) tcgi&T*^* 
.( 1 5 0 ml) -fttt!*t 7)13 >#HfTHc U 2 

0%^fi^7k^b^7i;-i7A (3 7 9 mg) ft So*, **3S$l F (7k 
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(3 0ml) 4ffl^-Ctt«*ifci*Lfc. KttS^tt* 6 
O-CfciraftUfefc* tK (15 0ml) 4ft* fc (fl*i«fiTlft^aft 
B$Ha£*>t*T) Unit, -&Ms&'*®ti&*£aU 6 COfr*. BUSH* 
5 ttT 0°C£T? ft SILTS* 6C-lftll#lfc. 3 © * 5 'J £>?SIi& 

»e.nfcjgS4*i:^^>'-;i'©2»i©s^i&«t(3 omi) 

-C«fe»Ufcflt, «BETT?I6*I*U (2R, 3S) -N- (3-^^y-2 

>*>^-;i/^>7'5 P©aft*SII*9 . 5 7 g»fc (JR*9 1 %)b HPL 
10 ClZXftffiLittZZ, mcmm±9 9. 9 5% (HPLCMiJt) T'&o 

<Hif60>J4> . 

( 2H;i 3S) .— N — (3-?U-2-tFP^^-4-7i-;i/7' 

^;i/) -n-ht vt>;u-4 -^^ j ^>€>x;i/*>T^ k .(^>-t? 
15 KiS#ft (1)) ©ItS 

#%#J2 J-TtJBLfc (2R, 3S) -N- ( 3 -^>S^;u>J-^^* 
j^-jl/7U-2-HFD^i/-4-7i^W) -N->fvy 

^;i/-4 h D^>-if >x;v^>t^ b* (15. 0 g) tcSfiT?^^ 

(7 5 ml) Z1)Uz.T®mZ#tzo T^n'ymm^iZL, 20% 
20 jftSftfiftzkMj^y^A ( 3 7 9 mg) £in£, JkfcM&T (** 

mi^jE) fctfcit, 4 o°ct-5. 5 ^wifeo mm*fam\.tz&. 

/^-;K15ml) &JB^TttJKft8fc#Lfc. £j6S^4to«7 0°C 
fcflDflbfcSK 7X (5 8. 5ml ) £Mgtf<KTL&V^Jt!$fia£frtt 
Tftl*^ $JB4b^fe©tiA£&ttU 7 0"C#6 7B$l!fla»ttT 0°C£T 

Mtmmt:*h*9 ->-;!/© 2 *fl ©$&£&& (30 ml) Tfjjfcj^bfc 
»JBEt-e-tt»Ux (2R, 3S) -N- ( 3 - T V - 2 fc h'D* 
j/-4-7ir^7fj|/) -N->fV^-4-7^ y^>-t? >*;i/ 

K©aftttii*9. 7 7 gfffc (4X^9 2%) 0 HPLC tt^tf 
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HPLCU&Ste9 9 . 9 5 % (HPLC TOifc) T&cfco 

(2R : , 3S) -N- (3-7^-2-kFD4^-4-7i-;^ 
*ft) -N--f V73-)V- 4 -T^ y ^>-fc? >X;t/*>:^ K ("<>-£ 
5 >X;i/*>TS. KSI9^ ( D) ©Mai 

(2R, 3S) -N- (3-^>^;i/^^r^*^^-;i/7^y-2- 
t h'D*i/-4-7iz;i/7?;i/) - N - >f V 7 3- ft- 4 -— b P ^> 
•tfi* * 7 5. M5. 0g)tz^^y-;K2 5ml)*5cfct>"7jc(2. 
5ml) *lia'*x 7^J>mKU 2 0%*a*fiKp7(cK<b^^y 
10 <j?A (3?K 3 1%. 9 1. 4mg) fcflU*s **»H«T (TkfcffilSNE) 

(5ml)'*fflvSTtt*l*iJfe^LfcoSJtetB'&** 7 OXIfcinffl'Lfcau 
7k (17ml) .£S]£aM£Tb&l^&l3iig£frttT;bn?L, 0°C£ft£P 
UttBfcttflU'fc.ftfettfcftiifcakC 3 . 3ml) S-ft(6 . 

15 6ml>©S^j6S«*C«fc^tfc« *('25ml) t:&#LkgL 

»ffiT.T?lfc«lL, (2R, 3S)-N-(3-T^y-2-th*p4r^- 
4 -7HJl/7fJl/) -N--Y VZf^ft- 4—75. y ^1/^1^7, ft^y 

rostetemz 3 . 1 6 gfffc (jr^9 o%)„ 
20 < ^ite^y 6 

(2R, 3S) — N— (3 -^>y;i/^-^s/*;i/^^;i/T^y - 2 -t 

>xft*>7$,.* (- hp^>n? \*mm# (2 )) ©^3^ 

(2R, 3S) - 3 -^OV ft* ft#-ft7 - 2 - h h* P 

25 (N--Y y^f^^y i -4-7is;^> (8. Og) 

Jetton (48ml) ^iIJ? ; MJiW^> (3. 6ml) fc/ffl 
x., 4 Oi°Ctc:#?gtfeo p h D^>-g>xft*=.ft# P5>r K(5. 
2 7-g)-*Jo* v 2.RBB«ff Ufcft, * ( 4 0 m 1 ) ZMZ, ^*tfc. 

*«Si:fiSlP^^7K^^ h U^Azk** (40ml), ttfpftffi* ( 1 0 
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ml).T«#lfc«, 6 0 "CHIMB U >(4 Oml) Zfiax.tz<, 

O'Clc^SPU £A«»lbfc. ®ioh1tfe&*^7*> (18ml) 

twmz-i-h (6mi) <DWL&m%\z.*L b m®itz'&, ms.Tn^ u 

(2R, 3S) -N- ( 3 -s<yi?)l**i/i])l7rs-)i7\ J - 2 - t 
5 FDJpi/-4-7irjTOl/) — N — -< V7fjl- 4--bD^>-b? 
>X;i/*>:P* K©*£fl£ 9 . 1 7 g (»7 6 %, J^^A) £f#fc„ 

n^fitz^om^-^it^m 1 ^--e&ofco.s;;^ cuk 

10 6.8, 8.1, 11.0, 13.6, 14.2, 16.1, 18.6, 19.1, 20.4, 20.9, 22.1, 
24.2, 25.4, 25.7, 27.6, 28.6. 



<mmmi> 

( 2 R, 3. S) — N — ( 3 -"OitJlXlri/fiJltf-jl-T * J - 2 - t 

15 >*;t/*>7^ h* (- h.P^>-tf K^§3i# ( 2 )) (DMM 

(2R, 3S) - 3 -^>S/ji/^-ipi/*;u^:-;uT * ^ - 2 - b h' d 
*^-l- (N-^V7f;i.7U) - 4-7irjl/^> (4. Og) 
(Cg^^3i^;b (2 4ml) t?ctl>"h iJ^;l>T^> (1. 8ml) *}JQ 
x., 4 0°Cic#^Lfe o p h P^>t'>7W-J^D^ K ( 2 . 

20 6 4 g) *iPx v 2Kf^mi$Lfc^, 7k (2 0ral),^i)at, #i£bfco 

fimmzmfafemmj- h i).t?2±&®m (20ml) -cm^Ltz^, e 

0 4 Ct:#Sl> ^7*> (8ml) *Hox, 7j<jl£#&£ Lfco 

(12ml) ^*Px.> O'Clc^ipu *Sia£SgStLfco f#6*i 
fc*SH£^7-*> Oml) tmm^f-fr (3ml) (Di&-ui$t&lz <£ D 
25 &#Lfc&, ^jET-C*^b N (2 R,. 3 S) -N- (3-^>^;U^Jr 
>>*J^^/l/7.^ y -2-tFD^i/-.4-7i-j^f;b) - N - -Y 
V^^;i>- 4 h n«>-lf>^;i,^>^5 h*©$gf|£4. 8g (ijx* 

8 0% x *£H'A) £f§fc 0 t&; CuKaUOB^XU^mtfTX'M^. 
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(2R, 3S) - N — ( 3 - ^>y;i/t^i/A;^-;i/7^ J - 2 - 1 
FD^ri/-4-7i^7^) -N--f V^^;i/-4 hO'O-g 
h" (-hn^>-lf>^;i/*>7* ( 2 )) ©£i^ 

5 (2R, 3 S) - 3 -^>^;b^-dF'>*;b^-;i/^^ J - 2 -t h*D 
*2/-'.l - (N->fV7^7^) - 4-7ir;i/7n ( 1 . Off) 
tftttx?^/ (6ml) *j&Qit : , -4 MJx?;t7^> 
(0. 4 5 2 ml), P'O-tfi/JiUl/sfc — d 4 Y ( 0 . 6 

5 8g) ftjto*., 2-«fM«»Lfca, 7jc (5ml) ftiQiU #r#bfc 0 
.10 *M-'£lgftftft*l|C*- H;£A#*»(5ml)Tifc#Lfc8K 6 0°C 
fc#»U ^7*^> (5ml) ftiJ0;t, *Jifc#*bfc. 

(5 ml) ft in*., 3 0 8 C(c)fc£pu sjsSliftOTibfco *§£>ftfcM 

8*^7" *► > (3,7 5ml ) fcSixf^ ( 1 . 25ml) ©ililrig 
&t £D.ffi$$bfc& N «JETTtt*U (2R, 3 S) - N- (3-^> 
15 ^;i/^-^ri/*;i'^-;i'7'^ 7 - 2 - t h'P^Pi/- 4-7ir;^^) 
-N--T V7fJl/-4 -- hD^t>-l?>^;i/^>7 ? ^ HOKSSft 1 . 0 
7ff (iK^71%, JgflBA) ftt#£ 0 S'fc," CuKa«0»*Xi(SlHl*f 

<&mm\> 

20 (2R, 3S) -N-..C3 — ^W^*A^7U-2-h 

a:^;i/^^;i/) -N-^fv7f;i/ - 4 -- h n^>-tf 
>*;u*>7-^K (^ hD-o-if >x;i/*>7^ K3S#tt (2)) ©Mil 
(2R, 3S) -3 - A>i;j^Jpi/*;^-;i,7^ - 2 - 1 F D 
1 - (N--f V7f;i/7* 7) - 4 -7x^7^>'(3 . 0 g) 
25* tft®3t>;b (1 8 ml) fcJiiF K"Jx^7^ > (1. 3 6ml) ft 
SD*> 4 0 ? CM#Sbfc o p -.- hD^>-t?>7>;i>*^;U7D5-f b*( l . 
9 7.g) ftjn*. mS4 5'^lfc^ 7k (9ml) ftflfl*, 

\stcoGwm£®%\&ikMmj- \< 'j-f>A*»t(9mr)T«#ifctt, 

5 0«Cfc*fflU -n7"*> (15ml) ftjbD*, 0-Cfc#iPU Jjgllft 
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iMiLfco nztitcffi&it^r* x 1 1 . 3 m i ) tmm^^ ( 3 . 

8ml)2i©S^*«fc:J:Di5fe^Lfc^«ETT?*«b, (2R, 3 S) 
. -N- ( 3 -^>V)]s*iri/ji)\,i£-)l7 $ J - 2 - h KP + S' - 4 - 

5 K0ISB43.' 3 Off (IR*7 3X, JSfIB) fcfcfc. 

ff^nfe^CQ^j^^-^fi^^^J 1 tn-Hft-otzo £fc> CuK 
o#.ffl|»*XII»|II#fJIPWT*SUfctt»*-|a2K:wLfc.- jftx ±fc@»f 
££2 0 (° ) 4WTC*Lfe. 

5.6, 7.6, 12.-1, 13.1, 14.9, 18.7, 19.2, 20.5, 21.9, 23.2, 24.1, 
10 24.8, ,28.-2. 

<MM,k : 9> • 
(2R, 3S) — N — (3-7^-2-tKDir^-4-7i-;i/7 

— N — rv 7*3~ ;u— 4— 7^y^>-if>^;u^>T$ H (^>-tf 

15 (2R, 3S) - 3 -s<-l<*J ft =-)),? K J - 2 - fc Hp 

1 - (N.->fv^;b7^;) - 4- 7i-;^^>(3. 0g) 
CfE&x*-;*. ( 1 Bml).!^ 4 0 o C(:#Stfc„ h'Jxf^7* 
> (1. 3 6ml), p- - h n^>-fc? >;*;i/* n K (1.9 
7g) .3«?M«^Lfe'a x tK (9ml) £fln;l#«bfco #41 

20 ji *mfamm*mi- h <j ***** omi) -c^ t 6 o -etc 

(3 0ml) fcfln*. *Jl£#&Lfco 3 0 o Cfc#£[J 
U IllSSlfe. »6*i^*Sa*-N^> (11. 2 5ml) fc» 
Sxf^ (3.75ml) t(Dm$mM~C$c&ltc'&,. MffiTT ft* U 
(2R, 3 S) -N- (3 -'*>5>/v**5'*;i»H=;u7^ -2 -t 
25 FD*<>-4-7x-;i//f;i,)--N- : ^ 4--t- P^>-g 

>;Wl/*>7S KtlS-ttfe-btV* 6 7 g (JR$8 2% ISHA)t#fco 

& tijfe ^i0«r-^ &mtam e-i:B-t*t>fc.^^&(2R, 

3S) -N- (3 y - 2 -t Yu**/ 

- 4-7x-;i/^M -N-^V7*f JI/-4-- hPA>f>^;i/^ 
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>7S K (3. 0 g) fc/^y-JM 1 5ml) (1 . 5ml) 

£7jhx:, r;uzf>HH^T{c u 5%ftlRfii*^5^>> a (tK 5 4 . 7 
wt %, 12 6. 9mg) fcAn*., **M&T <**JE : 1 StBE) C 
bfcSK 4 0°CT5^Sa#Lfeo ftfeKftitabfcfft* (3 
5 ml) ='*fli^T«JI*i5fc&bfc. S -JimmiZfr (10. 2ml) 
*Sft*(STb«tV^SI«H*frfctTJHIit, 7 0 °Ct#fiLfc^ 0 °C 
fc#£PU *gg".&«8tbfc. f§-£>ftfcjgg*.x # ( 4ml) hTk 
(2ml) DifefrLfcfc, «fiET"Cffi« t, ( 2 R , 3 

S) — N — (3-7^-2-tKD*i/-4-?x_A^jl/) — N 
10 y ?=$-)Y- 4 -T^y >x;i/*>:ps K£ 1 . 8 3 gf#fc(JK 

*8-7: ; %) ;o . 

<IIMJ 1 0> 

(21,. 3 S) -N- (3-7U-2-tFP+y-4-7x - ;i, 7 

15 >*;b*>7.v.KR#(M l)) ©«a 

1 ;fc'TMlfc ( 2 R, 3S) -N- ( 3 V 

4 -- hD^>f>x;i/^>7 5 h* ( 1 4 . 2 g) fc^at^ £ 
(14 2ml) *aniT»»*"&fco 3 5 wt (6.8 

20 ml) ^iD*., T;Vzf>HH^-f{c U 2 0%j^HSI#7j<iHb;^^ 
A (ak5 1-. 2wt% 9 1 8mg) ^An^, zK^H^T (zjcjgjE : 
lmctfc^ 4 0°CT-2 lB$[BI»j*bfc. ftfett«*tifib*:€L p< 
*^-;V (2 8ml) ^ffl^tli^^^bfco jElfe$g-fr*3fc 6&£* 
Bfc*-* U ( 1 lml ) ZIMtLs 4 "CTvK (114ml) $ 

25 5. 7ft®X'm*1to m$ l %&klL-ti&* f3&ftfc*Sg*^7*> (7 
1 ml) ta^Lfe« £*>lc^M£* (71ml) T*-®ft#bfco » 
ETTf£$U ( 2R, 3 S) — N — (3-75 ^ - 2. - t h'D^>>- 4 

-^^ ^;v) — N — -f - ^-tx ^ ^>^>t,)]/^>7 

$ H*7. 1 gf#fc (1R2$S7 IX)- HPLCfcT^«fbfckC^HPLC«* 

29 



WO 03/057665 



PCT/JP02/13849 



1*9 8. 7% (HPLCS^Jt) -efcofco 
#f6iEfc«fcftf£> tt&<Dftv> (2R, 3S) - N - (3-T^/-2 

(2R, 3S)-N - (3 -^>*J)]/**i/i!]>]/#-)l7 * > - 
2-fc K □ dp v - 4 - 7xrjb7fjt) -N-^V7fib-4-" hD 

o . 

*mjg|j*B^TffiJ^^ixfe^m2 0 0 1 -4 0 1 2 7 0^i^I2 
0 0 2 - 6 9 1 7 l.*«06i: LT*5 9, ^OrtgfcfcaMIJSmfc-r^TS 



30 



WO 03/057665 



PCT/JP02/13849 



10 



1. B3zxm®9rm$r£%^X, 6. 8°. 14. 2'*itf2'0 

9° <D®ftn&.2 eizv-2*&? zzt*®m£-tz, A (2) 




(2) 



TZmZtlZ (2R, 3S) -N- (3-^>S>;i/;f-*5/*;i/Jl* = ;U3*'£ 

2. (2R, 3S) -3-^>i?;mi/*;^-;i/7U-2-k 
h'P**>- 1- (N--fv7f;i7*;) -4-7z.z;i/7^>fcp- 

xg (i), ig (i i) fcitfxHi (i i i) CiMt*. »4tM± 
IS (i), xi (ii J ) i«tVig ( i i i) £Ji&tt"f c 

fcr*>3C ( 2 ) 




(2) 



15 Tl^ns (2R, 3 S) -N- 



(3- 
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^ - 2 - b h'D^>- 4 -7izjb7"fM -N-fV7f;i/-4-r 
(i) **JDitT^«[f Sxife, 

(i i) s?x@T^f,tife^^/itz^r^ >*jcty c 'N^^>©^t. e>a> 

(i i i) Buxa"e?#€»tL^W^Ji^^TSXg 0 
3 . X?I ( i ) T-f#^tlfe^l*M^7j<S± h U £ AA»«n?»sj* 
10 ig (i D Sfeftxg (i i') tftrcfc*««i:-r*, 

4. ( 2 R, 3 S) — N- ( 3 -^>^;i/t^'>*;i/#-;i/7.^ y - 
2 - b KD^>>-4-7x-;i/yf;i/).-N—f v/f;b- 4 -- h n 

15 ' 

5. (2R, 3S) - 3--<>i;;i/t + '>*;i/f-;i'7^;-2-t 
20 2Gl^«««tt.-. 

6. ii (i ii)'t*^ %mm*2 o°c&M<Dumztt®Tz 

7. Jf 1 Gft® (2R, 3S) -N- (.3 -^>s;^^^i/5b;i/ 

- 2 -b h*P#^>- 4 -7 -N--f V7f 

7K#i:fiJ®***xe ; ft^tod-.i:'teWi»i:-rSs S (1) 
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(1) 



(2R, 3S) -N- (3-7^-2-hN4>>-4- 

5 8. n^2-7<D^-rti1fi\zmm(D^m^-pX, (2R, 3 S) - 
x-;^^) -N--fv7f;i/-4--hD^>f>7M>7* h* 
fcti, 5S ( 1) 



(2R, 3S) -N- (3-7>;-2-tKD^i/-4- 

9 . ( 2 R, 3 S).-N- (3-T^y-2-bh'P^^-4 

15 -7x_;v^;i/) -N-^V7*f;i'-4-7^;^>t*>7;i/*V7 
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10. (2R,3S)-N- ( 3 - 1> V )l* in jltf J 
- 2 - t Kp=^>~ 4 - 7i_jl/^;i/) -N--T vm - 4 - - h 

m 7 $ tz « a i a m © « it # $ « 

12. S (1) 




(i) 



(211, 3 S) - N - (3-7^-2-hKP + i/-4- 
8&£-f3 (2R, 3S) - N — ( 3 -T a ^ - 2 - b K D **/ - 4 - 7 
13. ^ (2) 
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(2R, 3S) - N - (3— lyPfrHr^islibifi-fry^ 
J ~ 2 -fc F n 3f 2/ — 4 - 7ir^7fA) - N --f V - 4 - - 

5 T> 5£ ( 1 ) Ti^tlS (2R, 3S) — N — (3-7^-2-tF 

14. S (2) T'^£*iS (2R, 3 S) — N - (3-^>^;u^-# 
10 i/i3;i/^7^-2-tFD^ri/-4-7iZA7^) -N->f. 

^*ST> 5£ ( 1 ) -?r^$*L5 ( 2 R, 3 S) -N 

- (3-7^.y-2-t KD^ri/- 4 -7x-;i/^^;u) - w v y 

15. (2R, 3S) -N- (3M>W*^*jl/!i?=^7^ 

20 El 33^t±1.4g3*<D«jg#iSo 
*S 1 2 ~ 1 5 l3m£D®lig^^. 0 
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Process for Producing. Crystalline Benzenesulfonamide Derivatives, 
and Novel Crystals of Intermediate Therefor and Production Method Thereof 

Technical Field 

This invention relates to a process for producing (2R,3S)-N-(3- 

amino-2-hydroxy-4^henylbutyO-Nusobutyl-4-aminobenzenesulfonainide 
crystals, and novel crystals of intermediate therefor and a production method 
thereof. 

Background Art 

(2R,3S)-N-(3-ammo-2-hydrt>xy-4ThenylbutyD-N-isobutyl-4-aniino- 
benzenesulfonamide [which may hereafter be referred to as "benzene- 
sulfonamide derivative (l)»] represented by the following formula (l): 




(1) 



or salts thereof are useful compounds as intermediates for medical 
compounds such as HIV protease inhibitor [cf. WO 96/28418 (US Patent 
6,140,505)]. 
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As a production process of benzenesulfonamide derivative (l), for 
example, a process comprising hydrogenating (2R,3S)-N-(3-benzyloxy- 
<^bonylajnino-2-hyclroxy-4-phenylbutyl)-N-isobutyl"4-nitrobenzenesiilfon- 
amide [which may hereafter be referred to as "xutrobenzenesulfonamide 
derivative (2)] represented by the following formula (2): 




(2) 



which is dissovled in ethyl acetate, using a palladium catalyst, whereby 
simultaneously conducting removal (deprotection) of the amino-protective 
group (benzyloxycarbonyl) and catalytic reduction of the nitro group [cf. 
Example 21 of International Application WO 96/28418 (U.S. Patent 
6, 140, 505)] . In said Example, after termination of said reaction, the 
reaction solvent was simply distilled off, not followed by any purification 
step, and benzenesulfonamide derivative (l) was obtained only as a residue. 
Thus the prior art contains no disclosure about purification means of 
benzenesulfonamide derivative (l), and furthermore its acquisition as 
crystals has not been reported. 
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It is ako known that nitrobenzenesulfonoamide derivative (2) 
which is an intermediate for benzenesulfonamide derivative (l) can be 
produced, as illustrated in the above scheme, by reacting (2R,3S)-3 

ben2yloxycarbonylamino-2-hydroVl-(N-isobutylamino)-4-phenylbutane 
[which may hereafter be referred to as "Compound (3)"] represented by the 
formula (3) with p-nitrobenzensulfonylchloride [c£ Example 21 of 
International Application WO 96/28418 (US Patent 6,140,505)]. In said 
process, nitrobenzenesulfonamide derivative (2) is isolated and purified by 
adding ethyl acetate after the reaction is terminated, washing the system 
with 5% citric acid, saturated sodium hydrogencarbonate [solution] and 
saturated brine, drying, concentrating and ^crystallizing the resulting 
concentrate from ethyl acetate/hexane. 

In said operations, nitrobenzenesulfonamide derivative (2) as 
dissolved in the organic solvent is once concentrated and thereafter dissolved 
in a different solvent, which cannot be said a favorable process for industrial 
working in respect of efficiency, costs and the like. While the prior art 
reference does not show the particulars of the drying method, in laboratory 
scale synthesis of the compound dehydrative drying of organic solvent is 
normally effected using a desiccant such as sodium sulfate or magnesium 
sulfate. These desiccants are normally added to the organic solvent, stirred 
and then removed by filtration. In laboratory scale synthesis, cost is not a 
very serious problem, and frequently such dehydrative drying is applied to 
reaction solvent even where it is not essentially required. On the other 
hand, in industrial processes for which production cost is an important 
factor, dehydrative drying step is normally omitted, unless presence of water 
is liable to cause problems such as inducing a certain side reaction. 
Granting that dehydrative drying is necessary, such a method as above 
which has been practiced on laboratory scale is very expensive because 
desiccants and filtration facilities must be purchased and number of 
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processing steps also increases, and can hardly be said to be suitable for 
industrial working. 

Accordingly, therefore, the objects of the present invention are to 
provide - l) an industrially useftd process for producing 
benzenesulfonamide derivative (l) crystals, and 2) industrially useful, novel 
crystals of nitrobenzenesulfonamide derivative (2) and a production process 
thereof 

Disclosure of the Invention 
We have engaged in concentrative studies with the view to develop 
processes to enable industrial scale production (industrial production 
process) of benzenesulfonamide derivative (l) and nitrobenzenesulfonamide 
derivative (2). 

Benzenesulfonamide derivative (l) can be obtained by reacting 
Compound (3) with p-nitrobenzenesulfonylchloride to form nitrobenzene- 
sulfonamide derivative (2) and catalytically reducing the same. Where this 
method is practiced on an industrial scale, it is generally considered to be 
more economical to subject the reaction solution resulting from said reaction 
of Compound (3) with p-nitrobenzenesiilfbnylchloride (after concentrating or 
distilling off the solvent where necessary) to the catalytic reduction step as it 
is, without subjecting the solution to an intervening isolation and 
purification step. However, we found in such a process progress of the 
catalytic reduction reaction (hydrogenation) was very slow, causing such 
problems as increase in the amount of required catalytic reduction catalyst, 
prolongation of the reaction time and drop in the yield. We then came to 
think there must be a certain substance which inhibited the catalytic 
reduction reaction, and investigated recovery of nitrobenzenesulfonamide 
derivative (2) from the reaction solvent in crystal form and subjecting the 
same to a catalytic reduction step. 



4 



As a means for crystallizing a reaction solution containing 
nitrobenzenesulfonamide derivative (2) on an industrial scale, cooling 
crystallization is considered to be most suitable. Whereas, for example, 
when a bad solvent is added in a large quantity to reduce solubility of the 
solute in the crystallization, cost increase for purchasing the solvent and 
drop in purification effect are invited. While crystallization by concentration 
can be an alternative, it is liable to produce impurities resulting from 
heating. 

We experimented these crystallization methods whereby recovering 
nitrobenzenesulfonamide derivative (2) from the reaction solvent in 
crystalline form and subjected the crystals to catalytic reduction step, but did 
not come to solve above problems. 

In the course of pursuing further research work, we came to 
discover the following. 

[l] The starting material, p-nitrobenzenesulfonylchloride, inhibits 
the catalytic reduction reaction. 

[2] The reaction of Compound (3) with p-nitrobenzenesulfonyl- 
chloride is conducted in the presence of base and salt is formed as a side 
product which is subsequently removed by adding water thereto, followed by 
extraction. In that occasion, major part of p-nitrobenzenesulfonylchloride 
reacts with water to become p-nitrobenzenesulfonic acid, but a part of the p- 
nitrobenzenesulfonylchloride remains unreacted. 

[3] Crystals (hereafter referred to as "crystal B") resulting from 
cooling crystallization of the reaction solution containing nitrobenzenesulfon- 
amide derivative (2) (the organic phase obtained upon the extraction 
operation of [2] above) exhibit poor filterability, and p-nitrobenzenesulfonyl- 
chloride remains in the crystals. 

[4] Crystals (hereafter referred to as "crystal A") obtained by 
drying by dehydration of the reaction solution amteining nitrobenzene- 



sulfonamide derivative (2) (the organic phase obtained upon the extraction 
operation of [2] above) and subsequent crystallization (industrially, cooling 
crystallization is preferred) exhibit good filterability unlike crystal B, and p- 
nitrobenzenestdfonylchloride is eliminated from the crystals, 

[5] Where the reaction solution containing nitrobenzenesulfon- 
amide derivative (2) (the organic phase obtained upon the extraction 
operation of [2] above) is crystallized at a relatively high temperature (e.g., 
30 1 or higher) without intervening dehydrative drying, crystal A is 
obtained. 

[6] Water which is contained in the reaction solution containing 
nitrobenzenesulfonamide derivative (2) (the organic phase obtained upon the 
extraction operation of [2] above) is mixed in mainly during the extraction 
operation of [2] above, and when hexane or heptane is added to the organic 
phase, the water is separated and the organic phase can be dehydrated and 
dried with ease. Because hexane and heptane are bad solvents of 
nitrobenzenesulfbnamide derivative (2), the organic phase remaining after 
removal of the aqueous phase can be subjected to crystallization (preferably 
cooling crystallization) as it is, to provide crystal A of good filterability . 
Dehydrative drying may also be effected by washing the reaction solution 
with bpine. In this case, a bad solvent such as hexane, heptane or the like 
needs to be added after the dehydrative drying, for carrying out the 
crystallization. 

We furthermore discovered- benzenesulfonoamide derivative (l) 
can be obtained in the form of high purity crystals from which impurities 
have been effectively eliminated, by crystallizing the same using a polar 
solvent as good solvent and water, as bad solvent. 

Based on the foregoing discoveries we have completed the present 
invention. That is, the present invention comprises the following. 
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1. (2R, 3S)-N<3-benzylo^carbonylamino-2-hydro3ty-4-pheylbutyl)- 
N-isobutyl-4-nitrobenzenesulfonamide (nitrobenzenesulfonamide derivative 
(2)) crystals represented by formula (2) 




characterized by having peaks at diffraction angles 26 of 6.8°, 14.2° and 
20.9° in powder X-ray diffraction analysis. 

2. A process for producing nitrobenzenesulfonamide derivative (2) 
crystals characterized by subjecting a reaction solution obtained from 
reaction of (2R3S)-3-benzyloxycarbonylammo-2-hydroxy-l-(N-isobutyl- 
amino)-4-phenylbutane with p nitrobenzenesulfonylchloride successively to 
step (i), step (ii) and step (in) or successively to step (i), step Gi') and step (iii): 

(i) a step of adding water to separate the reaction solution, 

(ii) a step of adding heptane and/or hexane to the organic phase 
which is obtained in the preceding step, 

(iiO a step of washing the organic phase which is obtained in the 
preceding step with brine and thereafter adding thereto heptane 
and/or hexane, and 

(iii) a step of cooling the organic phase which is obtained in the 
preceding step. 
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3. A production process according to 2 above, characterized in that 
the organic phase which is obtained in the step G) is washed with aqueous 
sodium hydrogencarbonate solution and thereafter subjected to the step (ii) 
or (ii'X 

4. A production process according to 2 above, in which the 
nitrobenzenesulfonamide derivative (2) crystals are those of 1 above. 

5. A production process according to 2 above, characterized in 
that the reaction of (2R,3S) i 3-benzyloxycarbonylamino-2-hydroxyl-(N- 
isobutylamino)-4-phenylbutane with p-nitrobenzenesulfonylchloride is 
conducted in ethyl acetate, isopropyl acetate or mixed solvent of the two. 

6. A production process according to 2 above, characterized in 
that the organic phase is cooled to a temperature lower than 20t in the step 
(hi). 

7. A process for producing (2R,3S)-N-(3-amino-2-hydroxy-4- 
phenylbutyl)-N-isobutyh4-aromobenzenesulfonamide [benzenesulfonamide 
derivative (l)] represented by the formula (l): 
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characterized in that the process comprises a step of reacting the 

nitrobenzenesulfonamide derivative (2) crystals of 1 above with hydrogen in 

the presence of palladium catalyst. 

• 

8. A process for producing benzenesulfonamide derivative (l), 
characterized in that nitrobenzenesulfonamide derivative (2) crystals are 
obtained according to any one of the processes of above 2 - 7 and which are 
reacted with hydrogen in the presence of palladium catalyst. 

9. A production process according to 7 or 8 above, characterized in 
that it comprises a step of further crystallizing the benzenesulfonamide 
derivative (1) using polar solvent as good solvent and water as bad solvent. 

10. A production process according to 7 or 8 above, in which the 
reaction of the nitrobenzenesulfonoamide derivative (2) crystals with 
hydrogen is carried out in a polar solvent. 

11. A production process according to 9 or 10 above, in which the 
polar solvent is alcohol or a mixed solvent of alcohol with water. 

12. A process for producing benzenesulfonoamide derivative (l) 
crystals, characterized in that benzenesulfonamide derivative (l) is 
crystallized using polar solvent as good solvent and water as bad solvent. 



13. A production process according to 12 above, characterized in 
that nitrobenzenesulfonamide derivative (2) is reacted with hydrogen in the 
presence of palladium catalyst to produce benzenesulfonamide derivative (l) 
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which is crystallized using polar solvent as good solvent and water as bad 
solvent. 

14. A production process according to 13 above, characterized in 
that the nitrobenzenesulfonamide derivative (2) is reacted with hydrogen in 
the presence of palladum catalyst and acid to produce a salt of benzene- 
sulfonamide derivative (l), which is then neutralized using alkali and 
thereafter crystallized using polar solvent as good solvent and water as bad 
solvent. 

15. A production process according to 13 or 14 above, in which the 
reaction of nitrobenzenesulfonamide derivative (2) with hydrogen is 
conducted in a polar solvent. 

16. A production process according to any one of 12 - 15 above, in 
which the polar solvent is alcohol or a mixed solvent of alcohol with water. 



Brief Explanation of Drawings 

Fig. 1 shows a powder X-ray diffraction analysis chart of the nitro- 
benzenesulfonamide derivative (2) as obtained in Example 6, the axis of 
ordinates representing intensity and that of abscissae, diffraction angle (20). 

Fig. 2 shows a powder X-ray diffraction analysis chart of the nitro- 
benzenesulfonamide derivative (2) as obtained in Control Example 1, the 
axis of ordinates representing intensity and that of abscissae, diffraction 
angle (26). 
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Embodiments of the Invention 
Hereinafter the present invention is explained in detail. 
Nitrobenzenesulfonflmi de derivative (9) 

(2R,3S)-N-(3-bemyloxycarbonylamino-2-hydroxy-4phenylbutyl)-N- 
isobutyl-4-nitrobenzenesulfonamide which is represented by the following 
formula (2): 




is a known compound, and known to be produceable, for example, through 
reaction of Compound (3) with p-nitrobenzenesulfonylchloride as illustrated 
by the following scheme- 




Nitrobenzenesulfonamide derivative (2) can be prepared, for 
example, according to the process as described in JP Hei 9(1997)- 194444A, 
besides those described in the earlier cited literature. 

Preparation of nitrobenzenesulfonamide derivative (2) is normally 
conducted in the presence of base, examples of the base including triethyl- 
amine, isopropylethylamine, pyrimidine, 2,6-lutidine, 4-(dimethylamino)- 
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pyridine (UMAF) and the like. Of these, triethylamine is preferred. Use 
rate of the base is normally 1 ■ 5 equivalents, preferably 1 - 3 equivalents, to 
Compound (3). 

Use rate of p-nitrobenzenesulfonylchloride for the preparation of 
nitrobenzenesulfonamide derivative (2) is normally 1 - 2 equivalents, 
preferably 1 - 1.5 equivalents, to Compound (3). 

As the reaction solvent for nitrobenzenesulfonamide derivative (2), 
for example, ethyl acetate, isopropyl acetate, dichloromethane, 
dichloroethane, toluene and the like can be named, which can be used either 
singly or as mixed solvent. From the standpoint of dispensing with the need 
for removing the reaction solvent in the occasion of later described isolation 
and purification step, ethyl acetate and isopropyl acetate are preferred. The 
total amount of use of the solvent is normally 3 - 15 ml, preferably 5 - 10 ml, 
per gram of Compound (3). 

The reaction of Compound (3) with p-nitrobenzenesulfonylchloride 
is normally performed at 10 ■ 80^, preferably 30 - 60^, normally for 1 - 10 
hours, preferably 1 - 5 hours. 

Compound (3) can be prepared, for example, by reacting (2S,3S)-3- 
benzyloxycarbonylamino-l,2-epoxy-4-phenylbutane with isobutylamine (cf. 
e.g., Examples 20 and 21 of JP Hei 9(1997)-194444A). 

We studied industrial scale production methods of benzenesulfon- 
amide derivative (l) to find use of specific crystals of nitrobenzenesulfon- 
amide derivative (2) as the starting material of the catalytic reduction step 
allows speedy progress of the reduction reaction and thus the drawback in 
the past catalytic reduction reaction (the progress in the catalytic reduction 
reaction (hydrogenation reaction) is very slow, inviting increase in the 
amount of the catalytic reduction catalyst added, prolongation in the 
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reaction time and decrease in the yield) can be solved. The particulars are 
as follows. 

(A) We discovered a heretofore unknown feet that nitrobenzene- 
sulfonamide derivative (2) is polycrystalline, and use of crystal A, which is 
specified in the following, among its crystal forms, as the starting material of 
the catalytic reduction reaction could solve the problems in the past catalytic 
reduction reaction. This is a novel knowledge heretofore unknown. 
Therefore, crystal A is particularly useful as an intermediate for 
benzenesulfonamide derivative (1). Crystal A has strong peaks at 6.8°, 14.2°. 
and 20.9°; medium peaks at 8.1°, 13.6°, 16.1°, 18.6° and 20.4°; and weak 
peaks at 11.0°, 19.1*, . 22.1°, 24.2°, 25.4°, 25.7°, 27.6° and 28.6°, when 
measured by powder X-ray diffraction analysis (20, CuKa rays). Thus 
crystal A is characterized by the strong diffraction X-ray peaks (6.8°, 14.2° 
and 20.9°). 

(B) As production methods of crystal A, for example, a process 
comprising dehydrating and drying the reaction solution, and crystallizing 
the system after addition of heptane or hexane which are bad solvents to 
benzenesulfonamide derivatives. According to our knowledge, furthermore, 
where the crystallization is conducted at temperatures exceeding 20 
possibility for crystal A formation increases with rise in the temperature, 
and when the crystallization is performed at temperatures exceeding 30t, 
crystal A tends to be formed without the dehydration and drying of the 
reaction solution. In consideration of the crystallization yield and use 
amount of the bad solvent, a preferred method is to dehydrate and dry the 
reaction solution and then to subject the system to cooling crystallization, 
such method being highly advantageous for industrial scale production. 
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(C) While desiccants such as sodium sulfate, magnesium sulfate 
and the like are often used for dehydrative drying of organic solvent in 
laboratory scale experiments, it is in fact difficult to apply such a method to 
industrial scale production because of the costs involved. We investigated 
for a dehydrative drying method applicable to industrial scale production, to 
discover that the following process enables effective removal of water from 
the reaction solution, and whereby could stably obtain crystal A also in the 
cooling crystallization: 

a process for producing (2R,3S)-N-(3-ben2yloxy-carbonylamino-2- 
hydroxy-4-phenylbutyD-N-isobutyl-4-nitrobenzenesulfonamide crystals, 
characterized by subjecting a reaction solution obtained from reaction of 
(2R,3S)-3-benzyloxycarbonykmino-2-hydroxy-l-(N-isobutyl-amino)-4- 
phenylbutane with p-nitrobenzenesulfonylchloride successively to step (i), 
step (ii) and step (iii) or successively to step (i), step (u') and step (iii): 

G) a step of adding water to separate the reaction solution, 

(ii) a step of adding heptane and/or hexane to the organic phase 
which is obtained in the preceding step, 

(ii') a step of washing the organic phase which is obtained in the 
preceding step with brine and thereafter adding thereto heptane 
and/or hexane, and 

(iii) a step of cooling the organic phase which is obtained in the 
preceding step. 

(D) As the solvent which can be conveniently used in the process 
as described in (C) above, both as the reaction solvent used for the reaction of 
Compound (3) with p-nitrobenzenesulfonylchloride (same as 4-nitrobenzene- 
sulfonylchloride) and as the crystallization solvent used for the 



14 



crystallization of nitrobenzenesulfonamide derivative (2), ethyl acetate and 
isopropyl acetate are named. Where an identical solvent is used both as the 
reaction solvent and the crystallization solvent, the crystallization can be 
performed in succession to the reaction without the solvent distillation or 
replacement after the reaction, and a process suitable for industrial scale 
production can be provided. The reaction solution may be concentrated in 
advance of the crystallization to increase the crystallization yield where 
necessary, but the crystallization yield is controllable also by varying the 
cooling temperature or adding amount of the bad solvent and such a 
concentration step is not necessarily required in the present invention. 

Hereinafter the steps (i) - (iii) and also step Oi') are explained in 

detail. 
Step (i) 

Step (i) is necessary for removing the salt side-produced of the 
reaction of Compound (3) with p-nitrobenzenesulfonylchloride in the 
presence of base. The water contained in the organic phase, which is the 
main cause of formation of crystal B which is detrimental to purification of 
nitrobenzenesulfonamide derivative (2), is mixed in predominantly in this 
step. 

The use amount of water in this step (i) is normally 3 - 15 ml, 
preferably 3 - 10 ml, per gram of Compound (3). 

Step (i) ends by separation after mixing normally at 10 - 80*C, 
preferably 30 • 60V o 

Step Oi) 

Heptane and/or hexane is(are) used in the step (ii), while use of 
heptane is preferred for better working environment. The amount of 
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heptane or hexane to be added is not critical so long as it does not lead to 
precipitation of nitrobenzenesulfonamide derivative (2). Normally it is 1 - 
10 ml, preferably 2 - 10 ml, per gram of Compound (3). Where both heptane 
and hexane are used, it is satisfactory that their total amount falls within 
said range. When their amount of use exceeds said range, crystals are apt 
to be precipitated, and when crystals do precipitate, they might be crystal B. 
On the other hand, when the total amount is less than the above range, the 
separation becomes difficult and eventually the object product is obtained in 
the form of crystal B. 

The step (ii) terminates by adding heptane and/or hexane to the 
organic phase obtained in the preceding step and stirring the system 
normally at 10 - 90^, preferably 30 ■ 70t:, followed by separation. 

With the view to reduce solubility of the object product, 
furthermore, heptane and/or hexane may further be added to the organic 
phase obtained from the step (ii) and together subjected to the step (iii), 
whereby the crystallization yield of the object product can be further 
improved. The amount of heptane or hexane added here is such that its 
amount in the organic phase before it is subjected to the step (iii) becomes 
normally 2 - 15 ml, preferably 3 - 10 ml, per gram of Compound (3). . Where 
both heptane and hexane are contained in the organic phase to be subjected 
to the step (iii), it is satisfactory that their total amount falls within the 
above-specified range. When the amount of heptane and/or hexane is less 
than the above-specified range, the crystallizatibn yield decreases, while 
their use in an amount exceeding the above range does not improve the 
crystallization yield and such is furthermore ineconomicaL 
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Step fa) 

Step GiO is normally conducted at 10 - preferably 30 - 60t . 

Brine which is used in step Gi') normally has a concentration of at 
least 15 wt% and not higher than saturation at the time it is added to the 
organic phase. In particular, saturated condition is preferred. The amount 
of its use is, where saturated brine is used for example, normally 1 - 15 ml, 
preferably 1 - 10 ml, per gram of Compound (3). 

The amount of heptane or hexane to be added in step (iiO is 
normally 2 - 15 ml, preferably 3-10 ml, per gram of Compound (3). Where 
both heptane and hexane are added, it is satisfactory that their total amount 
falls within the above -specified range. When the amount of heptane and/or 
hexane is less than the above-specified range, the crystallization yield 
decreases, while their use in an amount exceeding the above range does not 
improve the crystallization yield and such is furthermore ^economical. 

Where water remains in the organic phase after the washing with 
brine in step Gi 1 ), the water may be removed by adding hexane or heptane to 
the organic phase and then conducting a separation operation. 

Where the organic phase resulting from step (i) is subjected to step 
GiO as it is, omitting said step Gi) or GiO, the object product tends to be 
obtained in the form of crystal B. In particular, the tendency becomes more 
prominent when the crystallization is conducted at temperatures lower than 
30^, in particular, lower than 20^. Where the cooling crystallization is 
conducted at temperatures from 20°C to less than 30t, in high probability a 
mixture of crystal A and crystal B is obtained, while the result depends also 
on the water content of the organic solvent which is subjected to the 
crystallization. Moreover, at said temperature range, crystal A is apt to be 
converted to crystal B. Because crystal B shows markedly worse filterability 
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and lower purification efficiency compared with crystal A, its formation 
rsults in residual p-nitrobenzenesulfonylcHoride in the crystals. In 
consequence, the reduction reaction is inhibited and its progress becomes 
diffic ult, giving rise to such problems as increase in the reaction time and 
increase in the amount of the catalytic reduction catalyst. 

However, when the water content of the organic phase obtained 
from step (i) is removed by step (ii) or (iiO before the phase is subjected to 
step (iii), the object product is obtained as crystal A irrelevantly to the 
crystallization temperature, and the reduction reaction progresses with very 
high efficiency. 

As above, said step (ii) and step (ii 1 ) are very important and 
indispensable for the present invention. Between the steps (ii) and (iiO, step 
(ii) is the preferred because of simplicity of the operation. 

Step (iii) 

The cooling temperature in step (iii) depends on composition or 
amount of the solvent used. While temperatures allowing effective 
crystallization of the object product are satisfactory, those preferred are not 
higher than 30^, in particular, -lOt - 30^. 

After termination of step (iii), the nitrobenzenesulfonamide 
derivative (2) can be purified by accepted practices such as filtration. The 
product's purity can further be raised where necessary, by further subjecting 
the obtained crystals to conventional processing such as washing. 

In the step (i), most of p-nitrobenzenesulfonylchloride contained in 
the reaction solutoin is converted to p-nitrpbenzenesulfonic acid. Because 
p-nitrobenzenesulfonic acid can be a cause to lower purity of nitrobenzene- 
sulfonamide derivative (2) in the subsequent steps (ii), (ii') and (iii), it is 
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preferably removed afer termination of step (i). While specific method of the 
removal is not critical, washing of the organic phase obtained in step (i) with 
aqueous sodium hydrogencarbonate solution is preferred for simplicity and 
economy, which also is industirally convenient. While concentration of the 
aqueous sodium hydrogencarbonate solution to be used for the washing is 
not critical at its addition time to the organic phase, it is preferably not 
lower than 5 wt% and not higher than saturation, saturation being 
particularly preferred. 

The washing is normally conducted at 10 - 80^, preferably 30 - 

60°C 

Preferably the aqueous sodium hydrogencarbonate solution to be 
used for the washing is adjusted to the washing temperature in advance. 

PenzeneaulfonamidP Hg ^vative (l> 

Benzenesulfonamide derivative (1) can be prepared by subjecting 
nitrobenzenesulfonamide derivative (2) to hydrogenation using palladium 
catalyst to simultaneously effect elimination (deprotection) of amino- 
protective group (benzyloxycarbonyl) and reduction of nitro group [cf. 
Example 21 of International Application WO 96/28418 (U.S. Patent 
6,140,505)]. 

While benzenesulfonamide derivative (l) can be prepared using 
solvent other than a polar solvent, here a preferred mode of the catalytic 
reduction using a polar solvent is explained. 

Specifically, first nitrobenzenesulfonamide derivative (2) is 
dissolved or suspended in a polar solvent. The temperature in the occasion 
of suspension or dissolution is not critical, preferably it being Ot - 100t, in 
particular, 2QXZ - 80X:. 
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As the polar solvent, single or mixed organic solvent miscible with 
water (excluding use of water alone) can be used, for example, alcohols such 
as methanol, ethanol, 1-propanol, 2-propanol and optionally mixed organic 
solvent of these solvents. Said organic solvent may contain water within a 
range not detrimental to the effect of the present invention and mixed 
solvents with water are included in the polar solvent herein referred to. As 
the polar solvent, methanol and ethanol, inter alia, methanol, are preferred. 
While the use amount of the polar solvent is not critical, normally it can be 
used within a range of 3 - 50 ml, preferably 5 - 15 ml, per gram of 
nitrobenzenesulfonamide derivative (2). 

The solution or suspension is then subjected to catalytic reduction. 
Specifically, palladium catalyst is added to the solution or suspension and 
hydrogen pressure is exerted. While the hydrogen pressure at the catalytic 
reduction time is not critical so long as it enables smooth progress of the 
reaction, the preferred range is 1-30 atmospheres, inter alia, 1-10 
atmospheres. The reaction temperature is subject to no particular 
limitation, so long as it allows the reaction to progress and does not invite 
decomposition of the formed product, normally it being 0*C ■ 80^, preferably 
20X: ■ 60V, . The reaction time is normally 2 - 48 hours, preferably 3 - 24 
hours. 

As the palladium catalyst, preferably palladium-on-carbon catalyst 
and palladium hydroxide-on-carbon catalyst are named. The use amount of 
the palladium catalyst is normally 0.1 - 20 mols, preferably 0.5 • 10 mols, per 
100 mols of nitrobenzenesulfonamide derivative (2). 

When crystal A is not used as the nitrobenzenesulfonamide 
derivative (2) (for example, when a reaction solution from Compound (3)-p- 
nitrobenzenesulfonylchloride reaction is used without isolating nitro- 
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benzenesulfonaraide derivative (2) therefrom, or crystal B or mixed crystals 
of crystal B and crystal A are used) the reaction may be conducted in the 
presence of acid to accelerate the catalytic reduction (reduction of nitro group 
and elimination of benzyloxycarbonyl group), while such is unnecessary 
when crystal A is used. As the acid, for example, inorganic acid such as 
hydrochloric acid, sulfuric acid, hydrobromic acid and the like, and organic 
acid such as acetic acid, methanesulfonic acid and the like are named, 
hydrochloric acid being particularly preferred. The acid is normally used in 
an amount of 1 - 5 equivalents, preferably 1 ■ 3 equivalents, to 
nitrobenzenesulfonamide derivative (2). 

When an acid is present in the reaction system, benzenesulfon- 
amide derivative (l) exists in salt form after termination of the reaction, and 
the salt must be neutralized to obtain the benzenesulfonamide derivative (1) 
in free amine form. As a base to be used for the neutralization, for example, 
inorganic base such as sodium hydroxide, potassium hydroxide, sodium 
carbonate, potassium carbonate, sodium hydrogencarbonate, potassium 
hydrogencarbonate and the like can be named, sodium hydroxide being 
particularly preferred. The base is used in an amount sufficient to 
neutralize the salt, without any further limitation. 

Addition of water at the reduction time of nitrobenzenesulfonamide 
derivative (2) is preferred, as it shortens the reaction time. It is normally 
added before addition of the palladium catalyst. The use amount of water is 
not critical, so long as it does not precipitate nitrobenzenesulfonamide 
derivative (2), normally the amount being 0.1 - 5 ml, in particular, 0.1 - 3 ml, 
per gram of nitrobenzenesulfonamide derivative (2). 

After termination of the reduction reaction, benzenesulfonamide 
derivative (l) can be isolated and purified according to accepted practice. 
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Whereas, the following crystallization method according to the present 
invention enables to provide high purity benzenesulfonamide derivative (l) 
with high efficiency. 

In the following crystallization step according to the present 
invention, a polar solvent is used as good solvent, and therefore use of a 
polar solvent also as the reaction solvent in the catalytic reduction step is 
preferred. Where a polar solvent is used as the reaction solvent in the 
catalytic reduction step, after filtering the palladium catalyst off from the 
reaction solution, the filtrate can be subjected to the subsequent crystalliza- 
tion step as it is, and crystalline benzenesulfonamide derivative (l) can be 
obtained more efficiently. Where necessary, the palladium catalyst removed 
by filtration is washed with an organic solvent (preferably a polar solvent) 
and the washing may be added to the solution and together subjected to the 
crytallization step. Obviously, the filtrate remaining after removal of the 
palladium catalyst may be condensed and subjected to the following novel 
crystallization method, but such cannot be deemed recommendable in 
respect of efficiency and economy. 

The novel crystallization method which can effectively remove 
impurities from low purity benzenesulfonamide derivative (l) and improve 
its purity is explained hereinafter. 

The explanation is made as to a step of crystallizing benzene- 
sulfonamide derivative (l) using a polar solvent as good solvent and water as 
bad solvent. 

The novel crystallization method of benzenesulfonamide derivative 
(l) using a polar solvent as good solvent and water as bad solvent comprises, 
for example, 
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(1) a method of adding water to a polar solvent solution in which 
benzenesulfonamide derivative (l) is dissolved (where necessary, cooling 
ciystallization, concentration crystallization or the like may be combined); 

(2) a method of subjecting a solution of benzenesulfonamide 
derivative (l) in a mixed solvent of water with a polar solvent to cooling 
crystallization, concentration crystallization or the like (where necessary, a 
step of adding water, or the like may be combined). 

Preferred examples of the polar solvent useful for the 
crystallization include methanol, ethanol, 2-propanol, etc. Use amount of 
the polar solvent is normally 3 - 20 ml, preferably 3 - 15 ml, per gram of 
benzenesulfonamide derivative (l). 

More specifically, the above method (l) is a method wherein the 
object product is dissolved in a polar solvent and water is added to the 
solution to crystallize the object product. To improve the yield, the system is 
heated in the occasion of dissolving the object product in the polar solvent, 
where necessary. 

The amount of water to be added in the method (l) is not critical, it 
being preferably 10 - 200%, in particular, 20 - 100%, by volume to the polar 
solvent. 

In the method (l), the crystallization, i.e., addition of water, is 
conducted preferably at -lO^C - 80<C, in particular, 0°C - 70t. While 
temperature of the water is not critical, it is recommendable to set it in 
advance at the crystallization temperature. Method of adding the water 
again is not critical, it being sufficient to add it within a time not inviting its 
temperature drop. Preferably the water is added gradually, normally 
consuming 30 minutes - 6 hours. 
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In the method (l), addition of seed crystals after the addition of 
water can still improve the yield. 

In the method (2), the object product is dissolved in a mixed solvent 
of water and a polar solvent, and the solution is subjected to cooling 
crystallization, concentrative crystallization or the like to crystallize the 
object product. For improving the yield, water may further be added after 
the object product is dissolved in the mixed solvent of water and the polar 
solvent, where necessary. 

As the mixed solvent of a polar solvent and water which is used in 
the method (2), a solvent in which water is mixed with a polar solvent at a 
volume ratio of preferably 10 ■ 200%, in particular, 20 - 150%, can be used. 

Where the solution is crystallized by cooling, the cooling 
temperature depends on the kind of solvent used, and a temperature 
allowing crystallization of the object product can be used. With a mixed 
solvent having the volume ratio within the above-specified range, normally 
the temperature ranges -10 - lOO't, preferably 0 - 80^. 

For improving the purification effect of the method (2), it is 
preferred to heat the solution (to about 30^-80*0 (where crystals are 
present in the polar solvent solution, preferably the crystals should be 
completely dissolved) and water is added where necessary (preferably 
avoiding precipitation of crystals in that occasion), before cooing it (-10 — 
25t) to cause the crystallization (cooling crystallization). 

The crystallization may be conducted either under stirring or 
standing condition. The crystallization can be performed with increased 
ease by inoculating seed crystals during or after addition of the water, where 
necessary. Furthermore, where necessary, the solution may be cooled 
during or after addition of the water, to perform the crystallization at a still 
lower temperature. 
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After the crystallization by the method (l) or (2), the formed 
crystals are recovered by filtration to provide the object product alone. This 
is because high polarity impurities are dissolved in the mother liquid during 
the crystallization. Thus, high purity benzenesulfonamide derivative (1) can 
be obtained at a high yield according to the crystallization method of the 
present invention. 

The recovered crystals may be washed with water or a mixed 
solvent of alcohol with water, where necessary. As the alcohol useful here, 
for example, methanol, ethanol, 1-propanol, 2-propanol and the like can be 
named. Or the crystals may be washed with an organic solvent such as 
heptane, hexane, and the like. Preferably these solvents to be used for the 
washing are cooled in advance. 

Crystals of still higher purity can be obtained, by recrystallizing the 
recovered benzenesulfonamide derivative (l) crystals from a mixed solvent of 
water with a polar solvent (e.g., at water: polar solvent (volume ratio) of 
preferably 5:1 - 1:3), as described as to the method (2). 

Benzenesulfonamide derivative (l) can be led to pharmaceutical 
compounds such as anti-HIV protease inhibitor, following the method 
described in, e.g., Bioorganjc & Medicinal rhprniatrv 1+*+* i 998) 8> p . 6 87- 
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Examples 

Hereinafter the present invention is explained in further details, 
referring to working Examples. The Examples are in no sense to restrict the 
present invention. Ia the following, wt% refers to percent by weight. 

The powder X-ray diffraction analysis in the Examples and Control 
Examples show the values measured with the use of CuKa rays. 
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< Referential Example 1 > 

Preparation of (2R,3S)-N-(3-benzyloxycarbonylamino-2-hydroxy-4- 

phenylbuty])-N-isobutyl-4-iutrobenzenesulfonainide (nitrobenzenesulfon- 
amide derivative (2)) 

To (2R, 3S)- 3-benzylo^(^bonylamino-2-hydroxy- 1 -(N-isobutyl- 
amino)-4-phenylbutane (30.0 g), ethyl acetate (150 ml) was added, and the 
temperature was raised to 40^. Triethylamine (13.5 ml) and p-nitrobenzene- 
sulfonylchloride (19.74 g) were added, stirred for 3 hours and thereafter water 
(150 ml) was added for separation. The organic phase was washed with 
water (150 ml), and thereafter concentrated. Thus obtained solid was dried 
under reduced pressure, to provide 42.65 g of (2R,3S)-N-(3-benzyloxycarbonyl- 
ammo-2-hydroxy-4-phenylbutyl)-N-^ as a 

pale yeUow crystals (yield: 94.8%). An HPLC analysis found its HPLC 
purity to be 90.3% (HLPC areal ratio). 

'H-NKfi(rCDci a )tfppii:0.84 (d.Jfee.lHzJH) , 0.86(d; Jfe6.3H Zi SH), 1.7 
5-1.95<m,lH), 2.88(dd,^7.5,14.1Hz,2H), 2.96(d, Jk6.8Hz,2fl), 3.00 
(dd,^4.7,14.1Ha,lH), 2.90(bs,lH), 3.12-3.26<a,ai), 3.80-3.91(b. 
2H), 4 e 99(bd. ^=8i7Ha,lH), S.01( Sl 2H), 7.2J-7. 32(«, 10H) , 7.92(d,J 
=8.7H«.2H). 8.29(d.Jbfi.7Hf,2H); 

"C-NMMCMUffppairZO.fr, 20.4, 27.4. 35.9, 53. 2, 55. 9, 58.2, 67. 
4, 72.6, 124.8, 127.3, 128.3, 128.7, 128.9, 129.0, 129.1, 129.8, 
138.6, 137.6, 145.0, 150.4, 157.0. 

< Example 1 > 

Preparation of (2R,3S)-N-(3-amino-2-hydroxy-4-phenylbutyl)-N- 
iaobutyl-4-aininobenzenesulfonamide fltenzenesulfonamide derivative (1) 

The(2R,3S)-N-(3-ben2yloxycarbonylamino-2-hydroxy-4-phenyl- 
butyB-N-isobutyl^-nitrobenzenesulfonamide (14.2 g), which was prepared in 
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above Referential Example 1, was suspended in methanol (142 ml). Cone, 
hydrochloric acid (6.8 ml) was added, 20% palladium hydroxide-on-carbon 
(918 mg) was added in argon atmosphere, and the system was stirred for 21 
hours at 40t in hydrogen atmosphere (hydrogen pressure: 1 atmosphere). 
Filtering the catalyst off, the catalyst was washed with methanol (28 ml). To 
the reaction mixture, 6N aqueous sodium hydroxide solution (11 ml) was 
added, followed by addition of water (114 ml) at 4t over 5.7 hours. 
Recovering^ crystals by filtration, the crystals were washed with heptane 
(71 ml) and further washed twice with water (71 ml). Drying the crystals 
under reduced pressure, 7.1 gof (2R,3S)-N-(3-amino-2-hydroxy-4- 
phenylbutyO-N-isobutyl-4-aminobenzenesulfonamide was obtained (yield: 
71%). An HPLC analysis found its HPLC purity to be 98.7% (HPLC areal 
ratio). 

4HWCDCl,)tfpp n: 0.88 (d,^6.6H 2) 3H) , 0. 93(d, Jte.BHa, 3H), 1.0 
6(bs,2H), 1.87(b,1H), 2.48^,^13.4, 9. 9HMH), 2.82(dd. ^13.4,6. 
THz.lH), 2.mid,J±HA,Z.Bto,m, 3.01(dd,Jfel3.4,8.3H2, 1H), $A 
K».1H), 3.16(dd,,*lS.l,2.5H*,lH), 3.28(dd, ^15. 1, 9.1Ha, 1H), 3.S 
6<bs,lH),3.74(bs,lB), 4.17<bs,2H), 6.68(d, J*8.8H Z ,2H), 7.20-7.2 
4(».3H), 7.29-7.33(n,2H), 7,58(d, JS=8.8H*,2H); • 
mass spectrum m/e : 392.21(MH + ) 

< Example 2 > 

Purification of (2R,3S)-N-(3-amino-2-hydroxy-4-phenylbutyl)-N- 
isobutyl-4-aminobenzenesulfonamide (benzenesulfonamide derivative (l)) 

To the (2R,3S)-N-(3-amino-2-hydroxy-4-phenylbutyl)-N-isobutyl-4- 
aminobenzenesulfonamide (1.92 g) which was prepared in Example 1, 2- 
propanol (13.5 ml) and water (15 ml) were added to form a solution at 50^. 
The solution was cooled to 1Q<C consuming 3 hours and the crystals were 
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recoverd by filtration. The crystals were washed with 1:1 mixed solvent (8 
ml) of cooled water and 2-propanol and dried under reduced pressure to 
provide 1.58 g of (2R,3S) N-(3-amino-2-hydroxy-4-phenylbutyl)-N-isobutyl-4- 
aminobenzenesulfonamide (yield- 82%). The HPLC analysis found its 
HPLC purity to be 99.9% (HPLC areal ratio). 

< Referential Example 2 > 

Preparation of (2R,3S)-N-(3-benzyloxy-carbonylamino-2-hydroxy-4- 
phenylbutyl)-N-isobutyl-4-nitrobenzenesulfonamide (nitrobenzenesulfono- 
amide derivative (2)) 

To (2R > 3S)-3-benzyloxycarbonylamino-2-hydroxy-l-(N*isobutyl- 
amino)-4-phenylbutane (30.0 g), ethyl acetate (150 ml) and triethylamine 
(13.5 ml) were added and the temperature was raised to 40^, to which p- 
nitrobenzensulfonylchloride (19.74 g) was added, stirred for 1.5 hours, and 
water (150 ml) was added to effect separation. The organic phase was 
washed with water (150 ml) and saturated aqueous sodium hydrogen- 
carbonate solution (150 ml), and dissolved in ethyl acetate (30 ml) which was 
added thereto, under an elevated temperature to 60t. To the resulting 
ethyl acetate solution, heptane (150 ml) was gradually added, and thereafter 
crystals of the title compound were inoculated and the temperature was 
cooled from 6013 to 0°C consuming 6 hours. After additional stirring for an 
overnight, the crystals were recovered by filtration. The crystals were 
washed with 3^1 mixed solvent (90 ml) of heptane and ethyl acetate, and 
dried under reduced pressure to provide 35.2 g of (2R,3S)-N-(3"benzyloxy- 
carbonylamino-2-hydroxy-4-phenylbutyl)-N-isobutyl-4-nitrobenzene8ulfon- 
amide as white crystals (yield: 73%). The HPLC analysis found its HPLC 
purity to be 99.4% (HPLC areal ratio). 
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< Example 3 > 

Purification of (2R^S)-N-(3-amiiio-2-hydroxy-4'phenylbutyl)-N- 
isobutyl-4-aminobenzenesulfonamide (benzenesulfonamide derivative (l)) 

The (2R,3S)-N-(3-benzyloxy-carbonylamino-2 hydroxy-4- 
phenylbutyl)-N-isobu1yh4-iutrobenzenesuJfonamide (15.0 g) which was 
prepared in Referential Example 2 was suspended in methanol (150 ml) at 
room temperature. In argon atmosphere, 20% palladium hydroxide-on- 
carbon (379 mg) was added, and the suspension was stirred for 3.5 hours at 
40t: after the atmosphere was changed to that of hydrogen (hydrogen 
pressure: 1 atmosphere). Filtering the catalyst o$ the catalyst was 
washed with methanol (30 mD. The reaction mixture was heated to BCC, to 
which water (150 ml) was slowly added (consuming such a time as would not 
cause temperature drop), and crystals of the title compound were inoculated. 
Cooling the mixture from 60X1 to 0V consuming 6 hours, it was further 
stirred for an overnight. The crystals were recovered from the slurry by 
nitration, washed with 2:1 mixed solvent (30 ml) of water and methanol, and 
dried under reduced pressure to provide 9.57 g of white crystals of (2R,3S)-N- 
(3-ainmo-2-hydroxy-4-pheny^ 

(yield: 91%). The HPLC analysis found its HPLC purity to be 99.95% 
(HPLC areal ratio). 

< Example 4 > 

Purification of (2R,3S)-N-(3-amino-2-hydroxy-4-phenylbutyl)-N- 
isobutyl-4-aminobenzenesulfonamide (benzenesulfonamide derivative (D) 

Methanol (75 ml) was added to the (2R,3S)-N-(3-benzyloxy- 
carbonylamino-2-hydroxy-4-phenylbutyO-N-isobutyl-4- m trob^ 
amide (15.0 g) which was prepared in Referential Example 2 at room 
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temperature, to form a suspension. In argon atmosphere, 20% palladium 
hydroxide-on-carbon (379 mg) was added, and the suspension was stirred for 
5.5 hours at 401C after the atmosphere was changed to that of hydrogen 
(hydrogen pressure: 1 atmosphere). Filtering the catalyst off, the catalyst 
was washed with methanol (15 ml). The reaction mixture was heated to 
70V,, to which water (58.5 mD was slowly added (consuming such a time 
would not cause temperature drop), and crystals of the title compound 
inoculated. Cooling the mixture from 70t: to 0t consuming 7 hours, it 
further stirred for an overnight. The crystals were recovered from the slurry 
by filtration, washed with 2:1 mixed solvent (30 ml) of water and methanol, 
and dried under reduced pressure to provide 9.77 g of white crystals of 

(2R,3S)-NK3-amino-2-hydroxy-4-phenylbutyl)-N-isobutyl-4-aminobenzene- 
sulfonamide (yield: 92%). The HPLC analysis found its HPLC purity to be 
99.95% (HPLC areal ratio). 



as 
were 
was 



< Example 5 > 

Preparation of (2R,3S)-N-(3-amino-2-hydroxy-4-phenylbutyl)-N- 
isobutyl-4-arninobenzenesulfonamide (benzenesulfonamide derivative (1)) 

To (2R,3S)-N-(3-benzyloxy-carbonylamino-2-hydroxy-4- 
phenylbutyl)-N-isobutyl-4-nitrobenzenesulfonamide (5.0 g), methanol (25 ml) 
and water (2.5 ml) were added, and in argon atmosphere 20% palladium 
hydroxide-on-carbon (water: 31%, 91.4 mg) was added. After replacing the 
atmosphere with that of hydrogen (hydrogen pressure: 1 atmosphere), the 
system was stirred for 3 hours at 40^. Filtering the catalyst off, the catalyst 
was washed with methanol (5 ml). After the reaction mixture was heated to 
70T;, water (17 ml) was added consuming such a time as would not cause 
temperature drop. Cooling the reaction mixture to 0t and crystals were 



30 



recovered by filtration. The crystals were washed with a mixed solvent of 
water (3.3 ml) and methanol (6.6 ml), and further with water (25 ml). 
Drying the crystals under reduced pressure, 3.16 g of white crystals of 

(2R,3S)-N-(3-ammo-2-hydro X y-4 T henymuty0-Nnsobutyl-4aiumoben^^ 
sulfonamide was obtained (yield: 90%). 

The physical property data of the formed product were same as 
those given in Example 1. 

< Example 6 > 

Preparation of (2R,3S)-N^3-beiizyloxy-carbonylamino-2-hydroxy-4- 
phenylbutyl)-N4sobutyl-4-mt^ 
amide derivative (2)) 

To (2R,3S)-3-ben^loxycarbonylaji^ 
aminoH-phenylbutane (8.0 g), ethyl acetate (48 ml) and triethylamme (3.6 
ml) were added and their temperature was raised to 40*0. Thenp- 
nitrobenzenesulfonylchloride (5.27 g) was added, followed by 2 hours' 
stirring, addition of water (40 ml) and separation. So separated organic 
phase was washed with saturated aqueous sodium hydrogencarbonate 
solution (40 ml) and saturated brine (10 ml), heated to 60t and to which 
heptane (40 ml) was added. Cooling the system to Ot, formed crystals were 
recovered by filtration and washed with a mixed solvent of heptane (18 ml) 
and ethyl acetate (6 ml). Drying the crystals under reduced pressure, 9. 17 g 
of (2R J 3S)-N<3-benzyloxycarbonylamino-2-hydroxy-4-phenylbutyl)-N- 
isobutyl-4-nitrobenzenesulfonamide crystals were obtained (yield: 76%, 
crystal A). 

The physical property data of the obtained crystals were identical 
with those obtained in Referential Example 1. The result of measuring the 

31 



same by powder X-ray diffraction analysis using CuKa rays is shown in Fig. 
1. Main diffraction angles 20 (°) were as follows^ 

6*8, 8.1, 11.0, 13.6, 1*. 2, 16.1, 18.6, 19.1, 20.4, 20.9, 22.1, 
24,2, 25.4, 25.7, 27.6, 28.6. 

< Example 7 > 

Preparation of (2R,3S)-N-(3-benzyloxycarbonylamino-2-hydroxy-4- 
phenylbutyl) N-isobuiyl-4-nitrobenzenesulfonamide (nitrobenzenesulfon- 
amide derivative (2)) 

To (2R, 3S)-3-benzyloxycarbonylamino-2-hydroxy-l-(N-isobutyl- 
amino)-4-phenylbutane (4.0 g), ethyl acetate (24 ml) and triethylamine (1.8 
ml) were added and heated to 40 C C, to which p-nitrobenzenesulfonylchloride 
(2.64 g) was added and stirred for 2 hours. Then water (20 ml) was added 
and the system was separated. The organic phase was washed with 
saturated aqueous sodium hydrogencarbonate solution (20 ml) and heated to 
60t, to which heptane (8 ml) was added and the aqueous phase was 
removed. Further heptane (12 ml) was added, the system was cooled to OX:, 
and the formed crystals were recovered by filtration. The crystals were 
washed with a mixed solvent of heptane (9 ml) and ethyl acetate (3 mD and 
dried under reduced pressure to provide 4.8 g of (2R,3S)-N-(3-benzyloxy- 
carbonylamino-2-hydroxy-4-phenylbutyl)-N-isobutyl-4- 
nitrobenzenesulfonamide crystals (yield: 80%, crystal A). The crystals had 
same main diffraction angles 26 (°) to those of the product of Example 6, 
when measured by powder X-ray difEraction analysis using CuKa rays. 



32 



< Example 8 > 

Preparation of (2R J 3S)-N-(3-benzyloxycarbonylamino-2-hydroxy-4- 
phenylbutyO-N-isobutyl-4-mtrobenzenesulfonamide (nitrobenzenesulfon- 
amide derivative (2)) 

To (2R,3S)-3-benzyloxycarbonykmino-2-hydroxy-l-(N-isobutyl- 
amino)-4-phenylbutane (1.0 g), ethyl acetate (6 ml) was added and heated to 
40^C, to which triethylamine (0.452 ml) and p-nitrobenzenesulfonylchloride 
(0.658 g) were added. After stirring the system for 2 hours, water (5 ml) was 
added and the system was separated. The organic phase was washed with 
saturated aqueous sodium hydrogencarbonate solution (5 ml), heated to 
60t:, and heptane (5 ml) was added. The aqueous phase was separated. 
Further heptane (5 ml) was added and the system was cooled to 30^. Thus 
formed crystals were recovered by filtration, washed with a mixed solvent of 
heptane (3.75 ml) and ethyl acetate (1.25 ml), and dried under reduced 
pressure to provide 1.07 g of (2R,3S)-N-(3-benzyloxyxarbonylamino-2- 
hydroxy-4-phenylbutyD-N-isobutyl-4-nitrobenzenesulfonamide crystals 
(yield: 71%, crystal A). The crystals had same main diffraction angles 29 
(") to those of the product of Example 6, when measured by powder X-ray 
diffraction analysis using CuKa rays. 

< Control Example 1 > 

Preparation of (2R,3S)-N-(3-benzyloxycarbonylaniino-2-hy<iroxy-4- 

phenylbutyD-N-isobutyl-4-nitrobenzenesulfonamide (nitrobenzenesulfon- ' 
amide derivative (2)) 

To (2R,3S)-3-benzyloxycarbonylamino-2-hydroxy l-(N-isobutyl- 
amino)-4-phenylbutane (3.0 g), ethyl acetate (18 ml) and triethylamine (1.36 
ml) were added and heated to 40t, to which p-nitrobenzenesulfonylchloride 
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(1.97 g) was added and stirred for 1 hour and 45 minutes. Then water (9 ml) 
was added and the system was separated. The organic phase was washed 
with saturated aqueous sodium hydrogencarbonate solution (9 ml) and 
heated to 50t:, to which heptane (15 ml) was added. The system was cooled 
to Ot: and the formed crystals were recovered by filtration. The crystals 
were washed with a mixed solvent of heptane (11.3 ml) and ethyl acetate (3.8 
ml) and dried under reduced pressure to provide 3.30 g of (2R,3S)-N-(3- 
benzyloxycarbonylamino-2-hydroxy-4-phenylbutyD-N-isobutyl-4- 
nitrobenzenesulfonamide crystals (yield: 73%, crystal B) 

The physical property data of so obtained crystals were same to 
those as shown in Referential Example 1. The result of measuring the 
crystals by powder X-ray diffraction analysis using CuKa rays was as shown 
in Fig. 2. Also their main diffraction angles 20 (°) were as follows: 

5.6, 7.6, 12.1, 13.1, 14.9, 18.7, 19.2, 20.5, 21.9, 23.2, 

24.1, 24,8, 28.2. 

< Example 9 > 

Preparation of (2R,3S)-N-(3-ammo-2-hydroxy- 4-phenylbutyO-N- 
isobutyl-4-aminobenzenesulfonamide (benzenesulfonamide derivative (l)) 

To (2R ) 3S)-3-benzyloxycarbonylamino-2-hydroxy-l-(N-isobutyl- 
amino)-4-phenylbutane (3.0 g), ethyl acetate (18 ml) was added and heated 
to 40^C, to which triethylamine (1.36 ml) and p-nitrobenzenesulfonylchloride 
(1.97 g) were added and stirred for 3 hours. Then water (9 mO was added 
and the system was separated. The organic phase was washed with 
saturated aqueous sodium hydrogencarbonate solution (9 ml), heated to 
60t:, and heptane (30 ml) was added. The aqueous phase was separated 
and the remaining organic phase was cooled to 30t:. Formed crystals were 
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recovered by filtration, washed with a mixed solvent of heptane (11.25 ml) 
and ethyl acetate (3.75 ml) and dried under reduced pressure to provide 3.67 

g of (2R^S)-N-(3-benzylbxy-carbonylamino-2-hydroxy-4-phenylbutyl)-N- 
isobutyl-4-nitroben2enesulfonamide as crystals (yield: 82%, crystal A). 
Thus obtained crystals had the physical property data same as given in 
Example 6. To thus obtained (2R,3S)-N i (3-benzyloxy-carbonykmino-2- 
hydroxy-4-phenylbutyO-N4sobutyl-4-mtrobenzenesulfonamide (3.0 g), 
methanol (15 ml) and water (1.5 ml) were added and then 5% palladium-on- 
carbon (water 54.7 wt%, 126.9 mg) was added in argon atmosphere, followed 
by 5 hours' stirring at 40V in hydrogen atmosphere (hydrogen pressure: 1 
atmosphere). Filtering the catalyst off, the catalyst was washed with 
methanol (3 ml). To the methanol solution water (10.2 ml) was added 
consuming such time as would not cause temperature drop. The system was 
heated to 70*t and thereafter cooled to OH The formed crystals were 
recovered by filtration, washed with a mixed solvent of methanol (4 ml) and 
water (2 ml), and dried under reduced pressure to provide 1.83 g of (2R.3S)- 

N^3-ainmo-2-hydroxy-4-phenylbutyl)-N4sobutyl-4-anunobenzenesulfon- 
amide (yield: 87%) 

< Example 10 > 

Preparation of (2R,3S)-N-(3-amino-2-hydroxy-4-phenylbutyl)-N- 
isobutyl-4-amuiobenzenesulfonamide (benzenesulfonamide derivative (1)) 
Methanol (142 ml) was added to the (2R,3S)-N-(3-benzyloxy- 

carbonylamino-2-hydroxy-4-phenylhutyl)-N-isobutyl-4-nitrobenzene- 
sulfonamide (14.2 g) which was prepared in Referential Example 1 at room 
temperature to form a suspension. To the suspension 35 wt% cone, 
hydrochloric acid (6.8 ml) was added, and under argon atmosphere, 20% 
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paUadium-on-carbon (water: 51.2 wt%, 918 mg) was added, foUowed by 21 
hours' stirring at 40V in hydrogen atmosphere (hydrogen pressure: 1 
atmosphere). The catalyst recovered by nitration was washed with 
methanol (28 ml). To the reaction mixture, 6N aqueous sodium hydroxide 
solution (11 ml) was added, and then water (114 ml) was added at 4°C, 
consuming 5.7 hours. The crystals recovered by filtration were washed with 
heptane (71 ml) and further twice with water (71 ml). Drying the crystals 
under reduced pressure, 7.1 g of (2R f 3S)-N-(3-amino-2-hydroxy-4- 
phenymutyl)-N-isobutyl-4 aminobenzenesulfonamide was obtained (yield: 
71%). The HPLC analysis found its HPLC purity to be 98.7% (HPLC areal 
ratio). 

Potential Industrial Utility 
Arcording to the invention, high purity (2R,3S)-N-(3-amino-2- 
hydroxy-4-phenylbutyD-N-isobutyl-4-ammobenzenesulfonamide crystals can 
be produced industrially and effectively. Furthermore, the invention 
provides novel crystals of (2R,3S)-N-(3-ben2yloxycarbonylaniino-2-hydroxy-4- 
phenylbutyl)-N-isobutyl-4-nitrobenzenesulfonamide and industrially useful 
production methods thereof. 

This application is based on Patent Applications 2001-401270 and 
2002-69171 which were filed in Japan, and all of their contents are covered 
by the present specification. 
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Claims 



1. ( 2 R.3S)-N-(3-benzyloxycarbonykmino-2-hydroxy-4-pheylbutyI)- 
isobutyl-4-nitrobenzenesulfonamide crystals represented by formula (2) 




characterized by having peaks at diffraction angles 20 of 6.8°, 14.2° and 
20.9° in powder X-ray diffraction analysis. 

2. A process for producing (2R,3S)-N-(3-benzyloxycarbonylamino- 

2-hydro X y-4 P heylbutyO-N-isobutyl-4-mtrober^ene 8 uKor^mide crystals 
represented by formula (2) 
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characterized by subjecting a reaction solution obtained from reaction of 
(2R,3S)-3-benzyloxycarbonylamino-2-hydroxy-l"(N-isobutyh 
phenylbutane with p nitrobenzenesulfonylchloride successively to step (i), 
step (ii) and step (iii) or successively to step (i), step (ii') and step (iii): 

(i) a step of adding water to separate the reaction solution, 

(ii) a step of adding heptane and/or hexane to the organic phase 
which is obtained in the preceding step, 

(iiO a step of washing the organic phase which is obtained in the 
preceding step with brine and thereafter adding thereto heptane 
and/or hexane, and 

(iii) a step of cooling the organic phase which is obtained in the 
preceding step. 

3. A production process according to Claim 2, characterized in that 
the organic phase which is obtained in the step (i) is washed with aqueous 
sodium hydrogencarbonate solution and thereafter subjected to the step (ii) 
or(iiO. 

4. A production process according to Claim 2, in which the 
(2R,3S)-N-(3-benzyloxycarbony 

nitrobenzenesulfonamide crystals are the crystals of Claim 1. 

5. A production process according to Claim 2, characterized in 
that the reaction of (2R,3S)-3-benzyloxycarbonylamino-2-hydroxy-l-(N- 
isobutylamino)-4-phenylbutane with p-nitrobenzenesulfonylchloride is 
conducted in ethyl acetate, isopropyl acetate or mixed solvent of the two. 



2 



6. A production process according to Claim 2, characterized in that 
the organic phase is cooled to a temperature lower than 20t: in the step (iii). 

7. A process for producing (2R,3S)-N-(3-amino-2-hydroxy4- 

phenylbutyD-N-isobutyl-4-aminohenzenesulfonamide represented by the 
formula (1): 




(1) 



characterized in that the process comprises a step of reacting the (2R,3S)-N- 
(3-benzylo^carbonykniino-2-hydroxy-4-pheylbutyl)-N-isobutyl-4- 
nitrobenzenesulfonamide crystals of Claim 1 with hydrogen in the presence 
of palladium catalyst. 

8. A process for producing (2R,3S)-N-(3-amino-2-hydroxy-4- 

phenylbutyl)-N-isobutyl-4-aminobenzenesulfonamide represented by the 
formula (1): 




characterized in that (2R,3S)-N-(3-benzyloxycarbonylamino-2-hydroxy-4- 
pheylbutyl)-N-isobutyl-4-nitrobenzenesulfonamide crystals are obtained 
according to any one of the processes described in Claims 2 - 7 and which are 
reacted with hydrogen in the presence of palladium catalyst. 

9. A production process according to Claim 7 or 8, characterized in 
that it comprises a step of further crystallizing the (2R,3S)-N-(3-amino-2- 
hydroxy-4-phenylbutyl)-N-isobutyl-4-ajninobenzenesulfonamide using polar 
solvent as good solvent and water as bad solvent. 

10. A production process according to Claim 7 or 8, in which the 
reaction of the (2R,3S)-N-(3-benzyloxycarbonylamino-2-hydroxy-4- 
pheylbutyl)-N-isobutyl-4-nitrobenzenesulfonamide crystals with hydrogen is 
carried out in a polar solvent. 

11. A production process according to Claim 9 or 10, in which the 
polar solvent is alcohol or a mixed solvent of alcohol with water. 

12. A process for producing (2R,3S)-N^3-amino-2-hydroxy"4- 
phenylbutyO-Nnsobutyl-4-ammobenzenesulfonamide crystals, characterized 
in that (2R,3S)-N-(3-aniino-2-hy4roxy-4-phenymutyl)-N-isobutyl-4-aminoben 
zenesulfonamide represented by the formula (l): 



OH0-S"O CH 3 




(1) 



is crystallized using polar solvent as good solvent and water as bad solvent. 
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13. A production process according to Claim 12, characterized in 
that (2R,3S)-N-(3-beii2yloxycar^ 

isobutyl-4-nitrobenzenesulfonamide crystals represented by formula (2) 




(2) 



are reacted with hydrogen in the presence of palladium catalyst to produce 
(2R,3S)-N-(3-ammo-2-hydro X y-^ 

sulfonamide represented by formula (l), which is crystallized using polar 
solvent as good solvent and water as bad solvent. 

14. A production process according to Claim 13, characterized in 
that the (2R,3S)-NK3"benzyloxycarbonylammo-2-hydroxy-4-pheylbuty])-N- 
isobutyl-4-nitrobenzenesulfonamide represented by formula (2) is reacted 
with hydrogen in the presence of palladum catalyst and acid to produce a 
salt of (2R ( 3S)-N^3-ammo-2-hydroxy-4 T henylbutyO-N-isobutyl-4-amino- 
benzenesulfonamide represented by formula (l), which is then neutralized 
using alkali and thereafter crystallized using polar solvent as good solvent 
and water as bad solvent. 

15. A production process according to Claim 13 or 14, in which the 
reaction of GR^-N^-beiizyloxy^ 

isobutyl-4-nitrobenzenesulfonamide with hydrogen is conducted in a polar 
solvent. 
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16. A production process according to any one of Claims 12-15, 
which the polar solvent is alcohol or a mixed solvent of alcohol with water. 



in 
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